Prompt treatment of ill persons with influenza antivirals will be an important part of a future pandemic influenza response.
This essay reviews key lessons learned from the 2009 H1N1 pandemic and the changing landscape of antiviral drug availability, and identifies and describes the multiple components needed to ensure the timely administration of antiviral drugs during a future pandemic.
Fortunately, many of these planning efforts can take place before a pandemic strikes to improve outcomes during a future public health emergency. O ver the past decade, pandemic influenza planning efforts have been a major priority of the global health community. Preparedness planning has focused on a multifaceted approach to mitigate widespread morbidity and mortality from a novel, highly transmissible influenza A virus. Medical countermeasures such as vaccine and antiviral drugs play a critical role in a pandemic response. A vaccine that is effective against a circulating virus would have the greatest overall public health impact by preventing persons from becoming ill. However, antiviral drugs are also critically important for use in treating persons who are sick, and can thus mitigate the effects of emerging pandemics before effective vaccines become available. When used appropriately, antiviral drugs can reduce the severity of influenza symptoms and shorten the time of illness by approximately 1 or 2 days. Research also suggests that in past pandemics, hospitalizations were likely averted through use of antiviral drugs. 1 Since the 2009 influenza A H1N1 pandemic, the antiviral drug landscape-from drug availability to usage-has evolved significantly. In addition, the 2009 H1N1 response demonstrated many factors crucial to the well-timed distribution and dispensing of antivirals during a response that need to be considered. Influenza antivirals are used to treat seasonal flu, and the high demand for these medications during the 2017-2018 season illustrates the importance of additional planning to ensure access to antivirals when needed. We examine these factors and identify areas in which preparedness efforts can improve the timely administration of antiviral drugs during a pandemic influenza response.
NEED FOR TIMELY ADMINISTRATION OF ANTIVIRAL DRUGS
Antiviral drugs are currently the only pharmacological option available for treating patients with influenza. During a pandemic influenza response, timely administration of antivirals will be a critical factor in mitigating the effects of the outbreak through reducing the impact of illness. Influenza antiviral drugs work best when started as early as possible after symptoms arisepreferably within 48 hours after a person becomes ill-but have also shown effectiveness when used after this time period. 2 There are numerous, complex factors that enable timely administration of antivirals during a pandemic, including the following: availability of expert clinical guidance on the use of antivirals based on the epidemiology and virulence of the pandemic virus; viral susceptibility to the available drugs; regulatory and legal considerations; a sufficient drug supply; acceptance of the drug by health care providers, pharmacists, and the public; adequate drug distribution systems; patient access to prescriptions and medication; and patient adherence to the drug regimen ( Figure 1 ).
Antiviral Effectiveness and Susceptibility
The first step in timely administration of antiviral drugs is having medications that are effective and for which the novel virus is susceptible. To treat influenza, the Centers for Disease Control and Prevention (CDC) currently recommends 3 antiviral drugs approved by the Food and Drug Administration (FDA): oseltamivir (capsule and suspension formulation), zanamivir (inhaled formulation), and peramivir (intravenous formulation). Oseltamivir and zanamivir are also recommended for chemoprophylaxis in certain situations. 3 Although the effectiveness of influenza antiviral drugs has been questioned by some researchers, 4 
Clinical Guidance
Recommendations and clinical guidance will be needed on the use of available therapeutic options for managing sick and exposed persons. Clinical guidance on the use of antiviral agents for the prevention and treatment of seasonal and novel influenza is routinely developed by the CDC 12,13 and its Advisory
Committee on Immunization Practices. 14 During a pandemic influenza event, the CDC will issue to health care providers guidance specific to the circulating virus regarding diagnosing, testing, and chemoprophylaxis and treatment of persons with antivirals. 15 
Regulatory and Legal Considerations
During an emergency, distribution, access, and utilization of antiviral drugs may be dependent on implementation of certain legal and regulatory authorities. The FDA, which is responsible for making sure that safe and efficacious drugs are on the market, is the regulatory authority for prescription medications. 
Supply
To meet patient demand during a pandemic influenza response, it will be important to have an adequate supply of appropriate influenza antiviral medications. In the United States, prescription drugs, including antivirals, are provided through the commercial supply chain; manufacturers sell these drugs to distributors, who then provide products downstream to pharmacies, hospitals, clinics, nursing homes, and others to support seasonal influenza demand. Typically each year (excluding the 2017-2018 influenza season), approximately 1.4 million to 8.7 million antiviral drug courses are prescribed to treat seasonal influenza. 20 However, the amount of antiviral drugs needed for even a mild to moderate pandemic is projected to vastly exceed the amount of product normally available in the United States through manufacturers. 21 Therefore, in 2004 22 the US government began stockpiling influenza antiviral drugs in the CDC's Strategic National Stockpile (SNS) for use during a pandemic influenza public health emergency, when local supplies are depleted. In addition to stockpiling, strategies to support domestic surge production of influenza antivirals are also critical; these include Department of Health and Human Services and CDC collaboration with pharmaceutical manufacturers to understand current manufacturing capacity for brand and generic drug products, to identify the rate-limiting factors in antiviral drug production (e.g., supply of raw materials, production time, packaging time), and to use this information to develop solutions to secure an adequate pandemic drug supply for the United States. With multiple FDA-approved generic alternatives for oseltamivir entering the market, manufacturing surge capabilities may also change and should be reevaluated.
Antiviral Drug Distribution
Since 2001, the CDC has provided technical assistance to state and local health departments about methods to receive, stage, store, and further distribute medications provided by the SNS during a public health emergency. Public health dispensing plans were first developed and targeted to support intentional biological attacks (e.g., anthrax response). Planning efforts emphasized mass dispensing strategies by public health aimed at getting "pills into people" as quickly as possible. This entailed public health authorities and departments establishing plans to distribute medical countermeasures received from the SNS to specific locations within each jurisdiction designated as points of dispensing; these were envisioned as short-term response efforts.
23 By contrast, a pandemic influenza response requires rapid targeted antiviral treatment strategies (which require an individual prescription) rather than mass dispensing (which does not require a prescription for each person receiving medication). In addition, the duration of a pandemic (multiple waves likely occurring in each community, with the national response lasting more than 12 months) would mean that distribution and dispensing efforts need to be sustained over a long period of time. It is also critical that plans for the distribution and dispensing of public health supplies of influenza antiviral drugs match demand, are scalable to respond to a nationwide event, and allow for sufficient tracking and accountability of the product.
The current federal plan for the distribution and dispensing of SNS antivirals during an influenza pandemic relies on sending influenza antivirals to state health departments after a pandemic emerges and the need for these drugs arises. Federal planning envisions that state and local health departments would serve as primary distributors of antivirals to other facilities in their jurisdiction and to the public during a pandemic. This plan was developed in 2006 and executed during the 2009 H1N1 pandemic response. A portion of the antivirals from the SNS stockpile was distributed early in this response to state health departments, with amounts of medication released based on the size of a jurisdiction's population. State health departments, often in collaboration with relevant local health departments, used various ways to further distribute and dispense antiviral drugs for the duration of the year-long response. However, numerous issues arose at the state and local level with these efforts, including stresses caused by the increased logistics burden of distributing and dispensing large quantities of antivirals over a 1-year period-specifically, issues with scalability, long-term inventory storage and management, and product allocation and tracking. 24 Many states created partnerships with pharmacies to assist in helping them dispense antiviral medications. 24 Pharmacies were well-suited partners for dispensing these medications because of their existing capacities, including trained expert staff, multiple locations, and familiarity within the community. Experience during the 2009 H1N1 pandemic, as well as reductions in the public health workforce since then, have prompted CDC's exploration of new antiviral stockpile distribution plans that include not only direct distribution and dispensing by public health agencies but also private sector distribution partners such as pharmaceutical distributors and pharmacies. 25 Most Americans (91%) live within 5 miles of a pharmacy. 26 The revised concept would shift some of the responsibility for antiviral distribution and dispensing to distributors and pharmacy partners that routinely handle such distribution, dispensing, and tracking of pharmaceuticals on a daily basis. Health departments could then focus on distributing and dispensing to populations that may be hard to reach or underserved and use public health clinics and outreach methods to serve those populations. Exploration of the feasibility and acceptability of establishing partnerships with these private sector partners has been completed. If executed, such partnerships may improve access to public healthprovided antiviral drugs during a pandemic. 27 In addition, there has been an increase in the use of mail-order pharmacies and home delivery of prescription medications, and several private sector entities now routinely provide rapid (within 24 hours) home delivery of consumer goods. The feasibility of these novel approaches for the distribution and dispensing of stockpiled antivirals during an emergency should be examined. from a licensed health care provider. No change to this policy is envisioned during a future pandemic; therefore, ill persons will need to contact a licensed provider to receive a prescription. The requirement of a prescription for this medication conforms to the FDA's determination of safety requirements and prevents inappropriate use of influenza antivirals and possible hoarding of a (potentially) scarce resource. However, the requirement for a prescription could be a bottleneck and create delays to treatment if there is a surge at health care facilities during a pandemic with high severity, or when a large number of sick people are simultaneously seeking medical care.
To help decrease demand on health care facilities, federal efforts are exploring the potential for rapid care and treatment by telemedicine approaches without requiring an in-person visit to a health care provider to receive a prescription. 28 The CDC and its public health partners have developed-and are testinga telephone triage capability called Flu on Call that, when warranted, can be activated during a pandemic to improve access to care and prescriptions for antivirals. 28, 29 Other strategies to improve access to prescriptions may include authorizing the use of collaborative practice agreements between physicians and pharmacists to enable ill patients who meet certain criteria to obtain antivirals in pharmacies without an additional provider visit. 30 Furthermore, as noted, during a severe pandemic demand for antivirals might exceed the available supply. When antiviral supplies are limited, the CDC's recommendations for antiviral treatment and chemoprophylaxis might differ according to disease incidence, severity of illness, and likelihood for influenza-related complications. Therefore, health care providers may be advised by the CDC and other public health authorities to prioritize the use of antivirals for those at higher risk for complications or severe illness (e.g., infants and young children, pregnant women). Public health and providers will need to clearly explain to the public that this medication is in short supply and therefore prescriptions are being reserved to treat those at the highest risk for complications.
Health Care Provider Acceptability
Clinicians and pharmacists must be aware of the utility of antivirals during a pandemic, the need for rapid treatment, and the importance of prompt treatment for those at higher risk of influenza complications. 3 Providers play an important role in communicating with and educating patients about antivirals, particularly during a pandemic emergency. Although clinical benefit is greatest when antiviral treatment is administered as early as possible after illness onset (within 48 hours), and recommendations for prompt treatment of those at higher risk for complications of seasonal influenza have been published and disseminated, 1 study showed that fewer than a fifth of those who were ill and at higher risk for complications were offered antivirals after the diagnosis of influenza was confirmed by laboratory tests. 31 Positive influenza test findings have been associated with appropriate antiviral prescribing. 32 Newer rapid influenza diagnostic tests with improved accuracy have been developed and are now on the market, which may improve antiviral prescribing. However, additional communication and educational efforts and tools for providers are needed. 33 To emphasize the importance of early treatmentespecially for high-risk populations-the CDC continues to focus activities on health care provider outreach (updated antiviral guidance and information on the CDC Web site, clinician outreach calls, Health Alert Network messages, pharmacist outreach, and webinars). In addition, pharmacists must be aware of the efficacy and safety profiles of antiviral drugs as patients will likely have questions and need accurate information about these medications. A recent poll of over 1000 community pharmacists found that they were amenable to a new role as distributors and dispensers of stockpiled antivirals during a pandemic, and expected that their own pharmacy would participate in such an effort. 27 
Public Understanding and Acceptance
Because antivirals must be administered promptly, the public must be informed that it is important to seek care soon after symptoms arise, that there are medications that can be used to treat influenza, and that these medications are only available by contacting a health care provider. Providers play an important role in communicating with patients about seeking care early after influenza symptoms arise and the appropriate use of antivirals. Researchers conducting a study of 5 recent seasons of seasonal flu found that fewer than half (40%) of high-risk outpatients with influenza sought medical care early in the onset of their disease. 34 During the 2009 H1N1 pandemic, only 40% of ill persons sought medical care within 3 days of becoming ill. 35 During a future pandemic, it will be critical that the public know that sick persons should access care in a timely fashion to reduce morbidity and mortality. Public health and provider communication strategies targeted to the public will be vital to increase awareness of influenza symptoms, provide guidance on when and where to seek care, and emphasize the importance of early treatment with antivirals.
Patient Access to Medication
During a severe pandemic, the supply of antiviral drugs may fluctuate and not be consistently available at all pharmacies, clinics, or public health points of dispensing. Supplies may be available through commercial inventories or public health supplies. Knowing where to go to get prescriptions filled will be critical for patients, health care providers, and public health. Currently, the standard of care is for prescriptions to be electronically generated and sent directly to a pharmacy from the point of care ("e-prescribing"). Therefore, providers need to be able to send prescriptions to pharmacies or other dispensing sites that have confirmed available supplies of antiviral medications. Patients who receive a paper prescription will need to know where to access available supplies of these drugs. A Web site called MedFinder, that can display available supplies of antivirals (by zip code) during a pandemic is being developed by CDC on the basis of currently available similar services (e.g., Health Map Vaccine Finder, https://vaccinefinder.org).
In addition, once a patient identifies the location that may have an antiviral supply, it is also critical that the cost of the drug or fees associated with medication dispensing do not create a barrier to access. Although the price of antivirals varies somewhat, the average cost of a regimen of currently approved antiviral drugs (absent third-party coverage) ranges from approximately $70 (zanamivir) 36 to $115 (oseltamivir capsules) 36 to $950 (intravenous peramivir).
36 Although antiviral drugs provided through public health stockpiles are free to the public, pharmacies dispensing these medications may charge a dispensing fee. Solutions are needed, in collaboration with the commercial supply chain (manufacturers, pharmacies, pharmacy benefits managers, payers) and public health, to ensure that costs are minimized and are not a barrier to access for those needing these critical medications during a public health emergency. Strategies could include providing discount codes, waiving fees, or other solutions.
Adherence With Prescribed Medication
Once patients have received their medications, it will be imperative to ensure that they receive proper treatment of the illness, that they start taking the medicine as soon as possible, and that they take every dose in the regimen in order for the medication to be most effective. Technology tools could help increase such medication compliance. For example, reminders sent by mobile texting have been shown to improve drug adherence, especially those that are personalized, nonrepetitive, and tailored to patients' needs. 37 Side effects that result from taking medication can influence adherence to antiviral therapy. Nausea and vomiting have been reported as side effects in adults (19%) and children (25%) receiving oseltamivir for treatment in clinical studies. 38 However, these may be minimized by taking the medication with food, a message that will need to be effectively communicated to patients. Additionally, risk perception related to the severity of the pandemic may influence adherence to antiviral therapy. 39 
CONCLUSIONS
Ensuring availability and accessibility of antiviral medication to sick persons will be a key factor in mitigating a novel influenza pandemic. There are multiple, complex, and interrelated components that factor into ensuring such timely access to these medications. We have described these components and offered ideas for improving each part that will be critical during an influenza pandemic. Fortunately, many of these planning efforts can take place before a pandemic strikes to improve outcomes during a future public health emergency.
